Steam flooding is applied to heavy and extra-heavy oil reservoirs, but it may be used in light oil reservoirs when water injection does not work effectively. In this simulation study, the feasibility of the steam flooding method applied as enhanced oil recovery process to one Iranian oil-wet fractured reservoir is investigated. For this purpose, a simulation model based on a sector of this reservoir was prepared and history matched with available production data. Steam flooding has been simulated for this reservoir and has been compared with conventional water injection process. A sensitivity analysis has been performed in order to study the effects of important parameters. The results show that the steam flooding process is likely to be profitable for this reservoir, when compared with water injection, improving the oil recovery factor by nearly 14 %.
INTRODUCTION
Steam injection into heavy oils has been well characterized over the last 40 years, and, while steam has been injected into light oils almost as long, the mechanisms and effectiveness of this process are much less understood (Hoffman and Kovscek, 2004). Blevins et al. (1984) found that, regardless of differences in effective recovery mechanisms in heavy and light oil reservoirs, this process is an efficient enhanced oil recovery (EOR) method.
Steam flooding has wide application in recovery of heavy and light oil reservoirs. In the 1960s, one of the first light-oil steam flood field trials was initiated at the Brea Field near Los Angeles, California (Volek and Pryor, 1972). It should be emphasized that the development of further light oil projects was not as rapid as those on heavy oil, because water flooding is seen as less risky, with a lower initial investment than steam injection.
In 1970, Chevron Petroleum Technology Company applied steam to USA light oil reservoirs. Hong (1986), as a researcher of this company, had been studying steam flooding in USA light oil reservoirs for ten years. The results showed that steam flooding is a good alternative for water injection. Also steam distillation is a main recovery mechanism in light oil steam flooding. Consideration of the details of reservoir geology is critical for evaluation of light oil steam flooding projects. The resulting steam projects may be considerably different in their implementation from conventional heavy oil steam floods in injection rates, well spacing and process optimization (Dehghani and Ehrlich, 2001).
Physical and numerical simulation of steam flooding to Lake Maracaibo reservoir, in Western Venezuela, showed acceleration in oil production with an increase of 14 to 20 % of oil recovery with respect to the original oil in place (OOIP) after water flooding. Additionally, the use of steam drive as a primary recovery method showed a further 5 % increase in cumulative oil production (Ovalles et al., 2002).
Results of an experimental study on steam flooding in the Middle East oil-wet reservoirs showed that water injection does not work effectively for such reservoirs. Also, oil thermal expansion and gas-drive mechanisms mostly contribute to the ultimate oil recovery The objective of this study is to determine if steam flooding method is a suitable candidate to be implemented in one Iranian light oil reservoir. The CMG thermal simulator (STARS module) with an option for dual permeability concept was chosen for this simulation study. In fact, in this simulation study the fluid flow is considered for both matrix and fractures.
MATERIALS AND METHODS

Model description
The reservoir under investigation, an Iranian oilwet carbonate reservoir, was named "reservoir A". It is a giant, highly fractured reservoir located in southwestern Iran, containing a huge amount of original oil in place (about 28 billion barrels), and has been producing oil for about 40 years now. In Table 1 , some of the important properties of this reservoir are summarized. However, oil production from this reservoir is decreasing; thus, it is a good candidate for enhanced oil recovery methods. In order to simulate steam flooding techniques, a sector of this reservoir was selected as follows. It has a low dip to ensure that all oil recovery is related to steam flooding and not gravity drainage. In addition, this sector has less heterogeneity compared with the rest of the reservoir. In this sector there are four wells which produce oil by natural depletion. The minimum bottom hole pressure for these wells is about 1200 psi. By history matching with available production data, this sector was prepared in order to apply steam flooding.
RESULTS AND DISCUSSION
Location of new injection wells
Two new injection wells were drilled in the desired sector. Sensitivity runs were made to determine their appropriate locations. Three possible locations were investigated: the edge water, five spot patterns and nine spot patterns. Figure 1 shows cumulative oil production at three different situations. It is shown that the injection wells with five spot patterns have the highest ultimate oil recovery. Figure 2 shows the selected sector with location of new injection wells.
Appropriate injection time
In this section, it is supposed that four production wells will produce oil naturally from 2010 for the next 20 years with the same condition as previous years. The total oil rate for this sector in this 20-year period was assigned at 20000 barrels per day. Figure 3 shows oil production rate from the beginning of the field development until 2030. According to the results, due to increasing pressure drop, the oil rate is supposed to decrease by 2020. A sensitivity analysis was performed in order to determine the best time of steam injection. Figure 4 shows the results, indicating that the best time of injection should be from 2018. This selection was made based on good performance and higher cumulative oil production.
Steam flooding evaluation
In this part, the steam flooding process was simulated for this reservoir sector. Steam must be injected for ten years (from 2018) into the injection wells as shown by the model in Figure 2 . Also, water flooding was applied under the same conditions for comparison of its performance and effectiveness. In Figure 5 the results of this work show that steam injection has higher cumulative oil production rate compared to water injection. 
Optimization of operational parameters
An extensive sensitivity analysis was performed to determine the effect of input and modeling parameters before conducting the simulation study reported here. The important steamflood operational parameters include the following concepts: 
Steam injection rate
As the steam injection rate increases, the cumulative oil production from the field increases slightly. There are several criteria for determination of the best injection rate, including economical factors, steam production cost, steam generator capacity and cost, as well as injectivity, wellbore facilities, surface facilities, oil price, among many others (Bahonar et al., 2007).
In this study, the best steam injection rate was optimized according to the steam-oil ratio, produced water and gas-oil ratio. For this purpose, four injection rates have been investigated. Figure  6 shows the cumulative oil production for different steam injection rates. As expected, the cumulative production increase with increasing steam injection rate.
A steam-oil ratio (SOR) between 1 and 1.7, producing a gas-oil ratio (GOR) lower than 1000 SCF/STB and water cut lower than 50 % give reasonable amounts of oil, gas and water from the field. Therefore the best injection rate was selected based upon these criteria. Table 3 demonstrates that the injection rate of 10000 bbl/day is the best injection rate for this reservoir.
Steam quality
In this part of the study, different steam qualities were investigated to determine the best specification. Steam quality of 0.4, 0.6, 0.8 and 0.95 were assessed. The results shown in Figure 7 confirm that, unlike heavy oil reservoirs, steam quality has no significant effect on oil production in this light oil reservoir. Therefore, for economic purposes, the steam quality was fixed as low as possible. This is especially justified because light oil reservoirs have low initial viscosity, and consequently do not require a large amount of latent heat in the application of the recovery method. Table 4 summarizes the final simulation data for different steam qualities, and the final selection of the 0.8 ratio was made for this reservoir.
Injection well perforation
Well completion strategy is a very important operational parameter. By sensitivity analysis, the best injection well layers perforation were determined for this reservoir. Three different scenarios were studied, as follows:
 Case 1: four bottom layers were perforated.
 Case 2: four top layers were perforated.
 Case 3: all layers were perforated.
The results are shown in Figure 8 , where it can be seen that case 2 is the best perforation strategy. This can be explained in terms of steam, water and oil gravities. Steam has low gravity compared to oil and water, therefore it goes to the upper layers and pushes the oil down to the bottom layers. Also, early water breakthrough can be delayed in this case. In fact, if bottom layers were perforated, it would be seen that, as the steam condensates and changes into water, it moves from the top layers and quickly reaches the producer wells, whilst large amounts of reservoir area would be kept unswept. It should be noted that, although case 3 gave almost the same results, case 2 was chosen for this reservoir because of lower well completion costs. Table 5 illustrates the final simulation data of these cases.
CONCLUSIONS
In this communication, the feasibility of steam flooding process in one Iranian light oil reservoir was investigated. This study has led to the following conclusions:
 Steam flooding shows good performance and higher cumulative oil recovery with respect to water flooding and improves the oil recovery factor up to 14 %.
 The best steam injection wells location and time of injection have been determined for this reservoir.
 As the steam injection rate increases, cumulative oil production rate increases. For optimum injection rates, parameters such as steam-oil ratio (SOR), gas-oil ratio (GOR) and water cut must be considered.
 Unlike heavy oil reservoirs, steam quality has no significant effect on oil recovery for light oil reservoirs. Therefore, for economic reasons, the steam quality should be kept as low as possible.
 The best injection well perforation strategy in this reservoir was obtained with four top layers completed.
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